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Purpose: This study compared the pain-relieving effects of human milk, sucrose, and distilled water during examinations for 
retinopathy of prematurity. Methods: Forty-five preterm infants were randomly assigned to receive a pacifier dipped in one of 
three solutions: human milk (n=14), 24% sucrose (n=15), or distilled water (n=16), 2 minutes before an eye examination. Their 
pain score, pulse rate, and oxygen saturation were measured at three time points: 5 minutes before the examination, 30 seconds
after speculum introduction, and 2 minutes after the examination. Results: The infants’ mean gestational age and weight at birth
were 33.1±2.1 weeks and 1,842±470 g, respectively. There were no between-group differences in pain relief during the eye 
examination. The pain score significantly increased both during (p<.001) and after the examinations (p=.003). Oxygen saturation
decreased during the examinations (p<.001); however, the infants in the 24% sucrose group showed higher oxygen saturation 
(p=.047) during the examinations than the infants in the other groups. Conclusion: Sucking on a pacifier dipped in human milk or
24% sucrose did not reduce the pain associated with eye examinations in preterm infants. Pacifiers dipped in sucrose can be used
to maintain better oxygen saturation during these examinations.
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INTRODUCTION
In the neonatal intensive care unit (NICU), preterm infants 
are subjected to various painful procedures, such as heel pricks, 
intravenous catheter insertion, venipuncture, and examina-
tions for retinopathy of prematurity (ROP) [1,2]. ROP exami-
nations are recommended for preterm infants with a birth 
weight between 1,500 g and 2,000 g, and infants of a gesta-
tional age greater than 30 weeks who are believed to be at high 
risk for ROP. In the United States, ROP is the second leading 
cause of childhood blindness [3]; thus, ROP screening exami-
nations are recommended. The first examination is performed 
at 4~6 weeks of postnatal age or at 31 weeks of post-gesta-
tional age. However, multiple aspects of the ROP examination 
appear to cause discomfort and pain, including the applica-
tion of dilating drops, the pressure applied to the eyeballs, 
and the brightness of the ophthalmoscope [4,5]. Therefore, 
topical anesthetics, such as proparacaine HCl (0.5%) eye 
drops, are commonly administered in many clinical settings 
to alleviate the pain induced by eye examinations [3].
In addition to pharmacological pain management, a num-
ber of non-pharmacological pain management strategies have 
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been investigated to alleviate the pain associated with ROP 
examinations in preterm infants, including swaddling, non- 
nutritive sucking, and administration of sucrose or glucose 
solutions in varying concentrations, alone or combined [4,6]. 
Among these solutions, 0.1~2.0 mL of 24% sucrose has been 
most extensively tested in randomized controlled trials on 
preterm infants undergoing ROP examinations and other 
painful procedures, such as heel pricks, venipuncture, and in-
tratracheal suctioning [7]. A recent study found that a mini-
mum amount of 0.1 mL of 24% sucrose was effective in re-
ducing pain in preterm and newborn infants undergoing a 
single heel lance [7,8]. In another recent study, 0.5 mL of 24% 
sucrose demonstrated better pain-relieving effects than 0.2 
mL of the same solution in infants at a gestational age of 28 
weeks and weight >1,000 g undergoing venipuncture [9]. 
However, these studies employed painful, tissue-damaging 
procedures that are quite short-lasting. In contrast, ROP ex-
aminations take several minutes and involve several aspects 
that can cause pain that is not induced by tissue damage. 
Thus, the minimum amount of 24% sucrose solution required 
for effective pain relief in preterm infants undergoing ROP 
examinations remains unknown [1,2,10]. 
The pain-relieving effects of human milk, which contains 
natural and potentially risk-free nutrients, have also been in-
vestigated in preterm infants in response to painful proce-
dures [11-13]. Human milk is believed to be a relatively safe 
solution as opposed to sucrose, the repeated administration of 
which can induce hyperglycemia in younger preterm infants 
[14]. The pain-relieving effects of human milk have been com-
pared with those of distilled water or sucrose in preterm in-
fants undergoing venipuncture and ROP examinations [11,15, 
16]. The composite pain scores of preterm infants who re-
ceived 2 mL of human milk were lower than those in control 
group infants who received none, and this effect persisted for 
5 minutes after the examination [12]. The pain responses were 
comparable to those in infants receiving 1 mL of 33% sucrose, 
as measured by heart rate, crying time, and salivary cortisol 
levels [11]. The pain-relieving effects of human milk, sucrose, 
and distilled water (control) during ROP examinations were 
also compared. No differences were found in the pain score, 
heart rate, or oxygen saturation between the groups [13,16], 
although the pain scores returned to the baseline level more 
quickly in infants administered human milk than in those ad-
ministered sucrose [16]. However, in these studies, human 
milk, sucrose, or distilled water was administered using an in-
jector or a syringe without a needle, and varying (0.1~2.0 mL) 
amounts of solution were provided. Administration of a large 
quantity of liquid directly into the infants’ mouths can poten-
tially cause choking due to the sudden-onset crying caused by 
the painful procedure. Even though such instances are rare, 
the minimum amount of solution that is effective for pain re-
lief should be identified. Both swaddling and the provision of 
a pacifier to infants are commonly practiced during ROP ex-
aminations in the NICU, and multiple non-pharmacological 
management strategies have been recommended in practice 
[17]. The purpose of this study was to compare the pain-re-
lieving effects of human milk, 24% sucrose, and distilled wa-
ter by providing a pacifier dipped in one of these solutions to 
preterm infants during ROP examinations. 
METHODS
1. Study Design
A randomized controlled trial was employed to compare 
the pain-relieving effects of human milk, sucrose, and dis-
tilled water on preterm infants during examinations for ROP. 
2. Participants and Randomization
This study was carried out in a 46-bed, level III NICU at an 
academic medical center in Seoul, Korea. The inclusion cri-
teria were preterm infants (<35 weeks of gestational age at 
birth) whose first eye examination was scheduled. Preterm 
infants with a congenital anomaly and those on respiratory 
support or receiving analgesic drug treatment were excluded. 
A total of 51 preterm infants met the eligibility criteria dur-
ing the study period. Of those, 45 preterm infants were in-
cluded in this study. The primary reason for non-enrollment 
was failure to obtain consent (n=3), and the other reasons for 
exclusion were the absence of available human milk (n=2) or 
not being dilated (n=1) (Figure 1). The research nurse ran-
domly allocated the 45 eligible preterm infants to one of three 
groups: human milk (n=14), 24% sucrose (n=15), or distilled 
water (control group) (n=16). The group assignment was car-
ried out using a random digit table and kept in sealed enve-
lopes when parental consent was obtained. 
3. Sample Size
The sample size calculation was based on a previously pub-
lished study of pain in infants during ROP examinations us-
ing the pain composite scale [16]. That study showed a stand-
ard deviation (SD) of 2.41 in the difference in the scores across 
three groups. For a given difference in the Premature Infant 
Pain Profile (PIPP) score of 1.02 and an SD of 2.41, a minimum 
total sample size of 42 preterm infants was calculated to ach-
ieve a power of 80% with a significance level of .05, using re-
peated-measures analysis of variance with three between- 
group factors. 
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Figure 1. Flow diagram of participant recruitment.
4. Ethical Considerations 
The study was approved by the Institutional Review Board 
of Severance hospital prior to data collection (Y4-2015-0442). 
The mothers of the eligible infants signed an informed consent 
form after detailed information on the research protocol was 
provided.
5. Outcome Measures
The primary outcome measure of this study was the com-
posite pain score assessed by the PIPP [18]. The PIPP is a vali-
dated scale for the assessment of procedural pain in preterm 
and full-term infants based on seven indicators: gestational 
age, behavioral status, highest measured heart rate, lowest 
measured oxygen saturation, wrinkling of the forehead, squin-
ting, and expansion of the alae nasi. The total scores range 
from 0 (no pain) to 21 (severe pain); higher scores indicate 
more pain and discomfort. A nurse educator in the NICU, 
who had experience in using the PIPP, trained nurse obser-
vers, who were experienced neonatal care nurses, to assess the 
pain of preterm infants during ROP examinations in this 
study. The two nurse observers independently assessed the 
infants’ PIPP scores in real time by sitting next to the infants’ 
beds. These nurses were blinded to the type of solution ad-
ministered to each infant because the research nurse prepared 
the pacifier by dipping it in one of the three solutions, which 
were all almost colorless. For data analysis, the PIPP scores 
determined by the two nurse observers were averaged at each 
of the three time points. 
The secondary outcome measures included pulse rate (PR) 
and oxygen saturation, which were measured by a sensor 
wrapped around the right foot and connected to a pulse oxi-
metry monitor (Nellcore; Medtronic, Minneapolis, MN, USA). 
PR and oxygen saturation were continuously recorded during 
each examination and the research nurse recorded these mea-
sures every 15 seconds on the data monitoring form. For data 
analysis, PR and oxygen saturation were also averaged over 1 
minute for each time point. Sociodemographic data, such as 
gestational age at birth, birth weight, post-conceptional age, 
and Apgar scores, were obtained from the infants’ electronic 
medical records.
6. Data Collection and Procedure
All infants who participated in the study were adminis-
tered mydriatic eye drops (0.5% tropicamide and 2.5% phe-
nylephrine) 1 hour prior to the examination, and topical anes-
thetic eye drops (proxymetacaine 0.5%, Alcaine® 30 seconds 
prior to the introduction of the eye speculum. In addition, all 
infants were provided swaddling and a pacifier (GumDrop 
Preemie pacifier; Natus, Pleasanton, CA, USA) during the 
examination. The ROP examinations were performed by the 
ophthalmologist on duty (out of two ophthalmologists as-
signed to the NICU), according to the protocol for ROP ex-
aminations. The ophthalmologists were blinded to the group 
assignment of the infants. The average duration of the exami-
nation of both eyes was 2.8 minutes; there were no differences 
in the examination duration among the three groups.
The infants were provided a pacifier dipped in one of the 
three solutions, depending on their group assignment. The 
research nurse, who knew the group assignment, prepared a 
pacifier dipped in human milk, 24% sucrose, or distilled water. 
A 24% sucrose solution was prepared in the pharmacy and 
subsequently delivered and stored in the refrigerator in the 
NICU, and the human milk received from each infant’s moth-
er was thawed by the research nurse just before the exam-
ination. The research nurse handed the pacifier to the primary 
nurse, who was assisting in the examination process by swad-
dling the infant and holding him or her on the bed 2 minutes 
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Table 1. Characteristics of the Preterm Infants in the Human Milk, Sucrose, and Distilled Water Groups (N=45)
Characteristics
All infants
(n=45)
Human milk
(n=14)
24% Sucrose
(n=15)
Distilled water
(n=16) x2 or F p
n (%) or M±SD n (%) or M±SD n (%) or M±SD n (%) or M±SD
Sex Male
Female
23 (51.0)
22 (49.0)
8 (57.1)
6 (42.9)
8 (53.3)
7 (46.7)
7 (43.7)
9 (56.3)
0.27 .761
Gestational age (weeks) 33.1±2.1 32.8±2.5 33.2±1.9 33.2±2.1 0.16 .849
Post-conceptional age (weeks) 35.1±1.5 35.2±1.8 34.9±1.4 35.2±1.5 0.17 .846
Birth weight (g) 1,842±470 1,865±0.5 1,884±0.5 1,782±0.5 0.20 .821
Weight at exam (g) 2,017±450 2,132±0.4 1,958±0.4 1,972±0.5 0.64 .530
Apgar score 1 min
5 min
 4.8±1.6
 6.5±1.7
 4.8±1.8
 6.6±1.7
 5.1±1.1
 6.9±0.6
 4.6±1.6
 6.0±1.7
0.21
0.40
.813
.670
Examination duration (min)  2.8±0.8  2.7±1.4  2.7±1.4  2.9±1.5 0.11 .895
Table 2. Mean Values of Premature Infant Pain Profile Scores, Pulse Rate, and Oxygen Saturation Measured Before, During, and After 
Examinations for Retinopathy of Prematurity (N=45)
Group Time
 PIPP  PR (bpm)  Oxygen saturation (%)
 M±SD  M±SD  M±SD
Human milk (n=14) Before
During
After
 2.6±1.4
14.6±3.4
 5.6±2.4
150.4±10.1
164.9±13.1
164.9±19.6
98.5±1.9
95.7±2.8
98.7±2.1
24% Sucrose (n=15) Before
During
After
 3.7±1.5
14.7±2.7
 5.7±3.1
152.5±13.8
170.5±16.2
161.1±11.8
98.9±1.5
97.6±2.2
98.5±2.9
Distilled water (n=16) Before
During
After
 3.0±1.8
13.8±3.7
 5.9±5.4
151.8±11.4
166.3±16.8
157.6±15.5
98.8±1.9
95.1±4.4
98.4±3.9
PIPP=Premature infant pain profile; PR=Pulse rate.
before the examination, and infants were allowed to suck on 
the pacifier throughout and after the examination. Data were 
obtained at three time points: 5 minutes prior to the examina-
tion (baseline), 30 seconds after the speculum was introduced 
in the right eye (during the examination), and 2 minutes after 
the speculum was removed from the left eye (after the exami-
nation). Since the same type of yellowish pacifier was used for 
all preterm infants and all three solutions were almost color-
less, the ophthalmologists, nurse observers, and parents were 
blind to the identity of the solution. 
7. Data Analysis
The data analysis was performed using SPSS version 21.0
(IBM Corp., Armonk, NY, USA). Descriptive statistics and x2 
analysis were used to test the homogeneity of the three groups. 
Using a generalized estimating equation (GEE) analysis, the 
effects of solution type on PIPP scores, PR, and oxygen satu-
ration were analyzed at each time point. Potential covariates- 
gestational age at birth, post-conceptional age, and Apgar 
scores-were adjusted for each outcome measure.
RESULTS
The three study groups were homogeneous in terms of sex, 
gestational age at birth, birth weight, weight at examination, 
post-conceptional age, Apgar scores at 1 and 5 minutes, and 
examination duration (Table 1). The mean gestational age at 
birth of all preterm infants was 33.1±2.1 weeks, and the mean 
post-conceptional age was 35.1±1.5 weeks. Their mean birth 
weight was 1,842±470 g, and the mean Apgar scores were 
4.8±1.6 at 1 minute and 6.5±1.7 at 5 minutes. 
The mean PIPP scores, PR, and oxygen saturation at the 
three time points are summarized in Table 2. GEE analysis re-
vealed no significant differences in the outcome variables 
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Table 3. Results of Univariate Generalized Estimating Equation Analysis of the Premature Infant Pain Profile, Pulse Rate, and Oxygen 
Saturation (N=45)
Variables Categories
 PIPP  PR Oxygen saturation
Estimate  p Estimate  p Estimate    p
Group (distilled water) Human milk
Sucrose
-0.44
 0.98
.517
.132
-4.03
 0.01
.238
.998
-1.10
-0.18
.150
.837
Time (baseline) During
After
10.84
 2.94
＜.001
.003
14.39
 5.75
.002
.074
-3.68
-0.44
＜.001
.638
Interaction
(distilled water × baseline)
HM × during
HM × after
Sucrose × during
Sucrose × after
 1.09
 0.06
 0.16
-0.94
.371
.956
.886
.450
 0.06
 8.75
 3.58
 2.85
.993
.138
.551
.526
 0.83
 0.65
 2.35
 0.04
.525
.542
.047
.976
Gestational age -0.85 .007 -3.52 .210 -0.28 .356
Post-conceptional age  1.13 .004  4.20 .271  0.43 .215
Apgar score at 1 min  0.43 .238  0.93 .675 -0.95 ＜.001
Apgar score at 5 min -0.82 .037  0.86 .664  1.25 ＜.001
PIPP=Premature infant pain profile; PR=Pulse rate; HM=Human milk.
among the three groups of infants. Compared to baseline, 
PIPP, PR, and oxygen saturation significantly changed during 
the examination (p<.001, p=.002, and p<.001, respectively). 
The PIPP score remained elevated after the examination (p= 
.003). Conversely, PR and oxygen saturation recovered to 
baseline values 2 minutes after the examination. Oxygen satu-
ration was significantly higher during the procedure in the 
24% sucrose group than in the control group (p=.047). The 
PIPP score was more likely to be elevated in infants with 
younger gestational age at birth, higher post-conceptional age, 
or a lower Apgar score at 5 minutes (p=.007, p=.004, and p= 
.037, respectively) (Table 3).
DISCUSSION
The current study found that the administration of a paci-
fier dipped in either 24% sucrose or human milk did not sig-
nificantly reduce the pain associated with ROP examinations 
in preterm infants, compared to distilled water. This could 
have been the result of the amount of solution that was ad-
ministered to infants via the pacifier. The exact amount of 
each solution was not measured in this study; however, it was 
likely approximately 0.1 mL based on the report of Mokhnach 
et al. [5]. In many studies supporting the pain-relieving effects 
of sucrose or human milk, at least 0.2 mL to 2 mL of solution 
was administered [9,15,19,20]. In addition, a single dose of the 
solution was administered just once 2 minutes prior to the ex-
amination; thus, its effect may not have lasted long enough to 
span the 2~3 minutes of the examination. Mokhnach and col-
leagues [5] recommended administering three separate doses 
of sucrose, 0.1 mL each, during ROP examinations in order to 
ensure that the effects would last for 6 minutes. Further re-
search is needed to test the pain-relieving effects of multiple 
doses of either human milk or sucrose.
This study found that the ROP examinations significantly 
changed the behavioral status, PR, and oxygen saturation lev-
els of the preterm infants. On average, infants’ pain scores in-
creased by 10 points from baseline during the examinations 
and remained 3 points higher than baseline scores even 2 mi-
nutes after the examinations. The severe pain (indicated by a 
PIPP score of >13) [18] related to the ROP examinations in our 
study is consistent with that found in other studies [12,13,16]. 
Despite the administration of topical anesthetic eye drops pri-
or to the ROP examinations, following common clinical prac-
tice [1], preterm infants still require treatments to relieve pain 
during these examinations and to help them quickly recover 
afterwards. However, PR and oxygen saturation recovered to 
baseline levels by 2 minutes after the examinations, from the 
conditions of increased PR and decreased oxygen saturation 
during the examinations. In the study by Ou-Yang and col-
leagues [21], preterm infants undergoing heel pricks did not 
show changes in PR or oxygen saturation. This may have been 
related to the brevity of the heel prick procedure or the large 
amount (5 mL) of human milk or 25% glucose administered. 
The relatively long duration of ROP examinations may in-
duce greater levels of pain that exhibit different manifesta-
tions. For example, infants subjected to an ROP examination 
have more apneic events with concordant oxygen desatura-
tion following the examination than prior to the examination 
[22]. Interestingly, the preterm infants in our study receiving 
24% sucrose had a 2.5% higher oxygen saturation than those 
in the other groups. Because ROP examinations are necessary 
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for infants born prior to 32 gestational weeks and who weigh 
less than 1,500 g [3,23], these infants are also at a higher risk of 
chronic respiratory problems. Our results suggest that su-
crose may have a beneficial effect in terms of improving the 
oxygenation status of these infants during eye examinations 
in the NICU. 
Younger and sicker preterm infants were more likely to 
have higher pain scores during ROP examinations in this 
study, which is consistent with the results of the recent study 
conducted by Collados-Gomez and colleagues [15]. They also 
showed that sucrose had a greater analgesic effect on infants 
born at a gestational age less than 28 weeks than it did in in-
fants born after 28 weeks of gestation. However, Williams and 
colleagues [23] found that the behavioral response to pain was 
reduced in young and sick preterm infants. Both gestational 
age at birth and post-conceptional age should be considered 
when assessing infants’ behavioral responses to pain, as well 
as their dose requirements for pain relief. 
Bolye et al. [24] recommended using a pacifier in infants 
undergoing ROP examinations based on their finding that us-
ing a pacifier with or without 33% sucrose led to no significant 
difference. Gao et al. [25] also reported that non-nutritive 
sucking alone had a similar pain-reducing effect in preterm 
infants to that of sucrose in repeated heel lances, although the 
combination of non-nutritive sucking and sucrose was recom-
mended to better manage ROP-related pain in infants com-
pared to either management strategy used alone [25]. The 
abovementioned studies emphasized the benefits of pacifier 
use for pain relief in preterm infants. In our study, topical an-
esthetic, swaddling, and pacifier provision were used for all 
three groups of infants during the ROP examinations as the 
standard of care; however, our study did not find support for 
the hypothesis that soaking the pacifier in human milk or 24% 
sucrose would yield pain relief. The ideal method of admin-
istration and the duration of analgesia should also be inves-
tigated. 
All participants were recruited at a single medical center, 
limiting the generalizability of the study results. Although the 
solution provided was not quantified before administration to 
individual infants, it can be assumed to be 0.1 mL [5]. Further-
more, this study included a small sample size, which may 
have limited the power of the experiment. Further research is 
needed to compare the pain-relieving effects of sucrose and 
human milk using a larger sample size. 
CONCLUSION
Although ROP examinations are critical for the prevention 
of ROP-related vision loss in preterm infants, it is a painful 
and uncomfortable procedure. The application of a pacifier 
dipped in either human milk or 24% sucrose solution did not 
significantly reduce pain in preterm infants undergoing their 
first ROP examinations. However, a pacifier dipped in a 24% 
sucrose solution may improve the oxygen saturation level of 
preterm infants during ROP examinations. Further research is 
needed to investigate the pain-relieving effects of multiple ap-
plications of a pacifier soaked in either human milk or 24% su-
crose during ROP examinations. 
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